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COLLISIONLESS  DAMPING  OF  SURFACE  PLASMA 
OSCILLATIONS  AND  POSSIBILITIES  OF  ITS  REVERSE  AT  THE 
INTERACTION  WITH  CHARGED  PARTICLE  FLOWS 


V.M.  Yakovenko.  I.V.  Yakovenko* 

A.  Usikov  IRENASU 
Ul.  Proskury  12,  Kharkov  61085.  Ukraine 
*R  & D Institute  “Molnia”,  Ministry  of  Education  and  Science  of  Ukraine 
ul.  Schevchenko  47,  Kharkov  61013,  Ukraine 


This  paper  is  devoted  to  investigation  of  the  interaction  between  the  charged  particle 
flows  passing  through  the  boundary  of  plasmalike  media  and  surface  oscillations. 
Suppose  that  an  external  flow  of  charged  particles  crosses  the  boundary  between  the 
media  of  different  electromagnetic  properties,  for  example,  dielectric  (vacuum)- 
semiconductor.  Let  a semiconductor  occupy  the  space  region  y > 0 and  vacuum 
(dielectric  with  e, ) is  at  y < 0 . It  follows  from  Maxwell's  equations  that  there  are  the 
surface  electromagnetic  oscillations  with  spectrum 
->  co 


£ I £ i ((o)  , n C0O  ( \ n a 

q = __ Mco)=£0 v;  MW)<(X  £|  > 0, 

C~  £,  + £ , (co)  ' CO' 


(1) 


where  co  is  the  frequency  of  plasmon,  q is  the  wave  vector  along  the  surface, 
cOq  -Ane2nQ/m  is  the  plasma  frequency;  n0is  the  electron  concentration,  m is  the 
effective  mass  of  electron.  If  c — » oo,  the  dispersion  law  is  co  = co0/^/e0  + £,  . 
Hamiltonian  of  the  system  has  the  following  form: 

H = H {n  + H {c)  + H (inl),  (2) 

where  H {n  = - tu o(/  (/)</„  (/ ) + aq  (/ )«;  (/ )]  is  the  Hamiltonian  of  electromagnetic 

/\ 

field  (surface  plasmons),  H (r)  = ^£kb^  i'M)  is  the  Hamiltonian  of  an  electron 
system;  Ek  = trk2 /2m  is  the  dispersion  law  of  electrons;  k is  the  wave  vector  of  the 
electron;  a*  (/)  = aq  exp(/co(//),  all(t)  = aq  exp(-/co(/),  bk  (/)=  b*k  exp{iEkt/h), 

bk  {< ) = k exp(-  i£j/ti) , a] , aq , bk , bk  are  the  birth  and  annihilation  operators  for  the 
plasmons  and  the  electrons  in  the  states  q and  k ; 

= Zw>A(0h(0+c,,{tpA')  o) 

kijk' 

is  the  Hamiltonian  of  the  electron-plasmon  interaction. 

To  find  the  expression  for  the  matrix  element  Wk  k.  it  is  necessary  to  use  the  expression 


H (m0  = — £ Jj(r,/)Aa(r,/)c/r  , 


C a=I 


(4) 


where 
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j (r, t ) = — - X (k  + k')  K (0 bc  (0  exP *(k'  “ ■ k)r 

2w0F  tr 

is  the  operator  of  an  electron  current  density, 


Aa(r.0  = Z 


Fco 


is  the  operator  of  the  vector-potential  of  the  surface  wave  electromagnetic  field;  ea  is 
the  unit  polarization  vector:  ex  = elx  =e2x  = (<7x/My^M/(£i  + £0 ) > e\y  =~eiy  =ie.x> 
e.  = (q:/qx]ex,  q,  2 = (qx,+q,qz),  V = LS  is  the  volume  of  the  interaction  space,  S is 
the  cross-section  of  the  sample. 

Carrying  out  the  standard  procedure  [1,2]  we  obtain  the  following  kinetic  equation 
which  describes  the  change  of  the  surface  plasmon  number  N as  the  result  of  their 

radiation  and  absorption  with  the  electrons  nk 

^7L  = fZK*.ffK  + >K  (>  N,nh  (l  - nti  )]s(et|  -St,  -to,),  (5) 

where  [2] 
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From  here  for  Nq  » 1 we  obtain  the  expression  for  the  decrement  or  increment  of  the 
surface  plasmons,  y = (l/2 )AT 1 (dNq  jdt). 

Suppose  that  injected  electron  energy  is  distributed  near  some  value 
S*0  = Pll^mQ  = h2kl /2m0  . Then  one  can  present  the  electron  number  nk  « 1 as 


nk  = 


n0h(2nh) 


3 _ h%.-knf  h2fo+k?'f 


2 m, IT 
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(7) 


(2nm0T )% 

where  noh  = Z^/F= K- Jk/(2n)3  is  the  density,  T is  the  temperature  of  the 
electron  beam. 

Taking  into  account  the  conversation  lows  and  the  conditions  P^ /2m0  » hcoq  , 
Pq  /2m0  » T , co q/v0  » q , we  obtain 

8t ie2qhv 


W, 


lc,qlc2 
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VLco3(e0  +8,) 


If  the  condition  T » hon  is  fulfilled  one  can  consider  that  n.  -n,  = 


dnk 
VyX  dkyX 


(8) 


. After 


integration  of  equation  (5)  over  the  wave  vectors  k,and  ky2  one  can  obtain  the 
following  expression  for  the  decrement  of  the  surface  plasmons: 
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y = 
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;;/0(e0+8,) 

However,  the  induced  radiation  processes  dominate  over  the  absorption  ones  under  the 
condition  P(f  /2m{)  » tmq  » T . In  this  case  we  obtain 


y = ■ 


/JX  — ■ 
A 


(10) 


A-’  l\A  A , 

where  A.  = A0  ± /v0 , v,,  = v0 . 

This  is  due  to  the  fact  that  the  probability  for  the  electron  to  pass  to  the  state  with  a 
smaller  energy  exceeds  the  probability  to  pass  to  the  state  with  a higher  energy.  In  the 
former  case  the  probability  is  proportional  to  A 1 . This  mechanism  of  the  instability  of 
the  oscillations  takes  place  at  the  different  inhomogeneous  solid  state  structures: 
semiconductor  superlattice  [3],  two-dimensional  gas  [4],  and  other  (5|.  In  finding  the 
increment  ( 1 0)  we  put 

nk  = (2tt)'  w0A8  (A , )8  (a  ,.  - A0 ) 5 (A . ) . 

Thus,  when  a directive  electron  beam  crosses  the  boundary  of  a plasmalike  media,  the 
surface  plasmons  fade  away  if  the  conditions  Pq  / 2m {)  » T » Aco  are  met  (classical 

case).  However,  at  low  temperatures,  /),2  l2m{)  » Aco(/  » T (quantum  case),  the 

radiation  processes  begin  to  dominate  over  the  absorption  ones  and  the  surface 
oscillations  grow  up  with  increment 

2 co  lqvt 


Y = ■ 


(O' 


(ID 


These  processes  are  very  important  for  the  diagnostics  of  the  surface  of  solids. 
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